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Fractionation of Tallow Fatty Acids.

Preparation of Purified Oleic Acid and an Inedible
Olive Oil Substitute

DANIEL SWERN, H. B. KNIGHT, JOHN T. SCANLAN, and WALDO C. AULT

Eastern Regional Research Laboratory*
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HE starting material usually employed in the
laboratory preparation of purified oleic acid
(oleic acid content, over 95%) is olive oil (1)
since it not only contains a high percentage of oleic
acid, but, what is probably more important, it also
has a high ratio of oleic to linoleic acid (about 10:1).
For the industrial preparation of purified oleic acid,
however, olive oil is too expensive, and only rela-
tively small quantities are available for non-edible
uses. In a recent publication from this laboratory
(2) we described a procedure for the -preparation of
purified oleic acid from red oil (commerecial oleic
acid) by low-temperature, solvent crystallization. Al-
though red oil is inexpensive and readily available
and is rieh in oleic acid, its ratio of oleie to linoleic
acid is rather low (usually less than 5:1). When
such a large proportion of linoleic acid is present, its
solubilizing effect causes considerable loss of oleic
acid during the low-temperature crystallization. A
more satisfactory starting material is one which is not
only inexpensive and readily available in large quan-
tities but which also has a high ratio of oleie to lino-
leic acid (at least 8:1). An examination of the fatty
acid composition of various common fats and oils
reveals that tallow meets these requirements.
Superficially, it would appear that tallow would be
unsatisfactory as a starting material for the prepara-
tion of purified oleic acid since it usually contains
only 45 to 50% oleic acid and its content of saturated
acids is rather high (about 50%). Fortunately, the
major proportion of the saturated acids can be
separated from the mixed fatty acids of tallow by
crystallization from a suitable solvent under proper
temperature conditions. Our experience indicates
that this separation can best be -accomplished with
acetone at 0° to —20° C. The iodine number of the
solid acids obtained in this way ranges from 4 to 12:
These iodine values result mainly from incomplete
removal of occluded mother liquor from the precipi-
tate, but apparently at lower crystallization tempera-
tures some unsaturated material, probably iso-oleic
acid, is precipitated. The saturated acids obtained by
erystallization at 0° C. usually have an iodine num-

ber of about 4 whereas the acids obtained by crystal--

lization at —20° C. usually have.an iodine number
of about 12. Approximately 90% of the saturated
acids in the tallow may be obtained in this fraction ;
this yield is considerably higher than can be obtained
by conventional cold and hot pressing. These acids,
obtained as glistening crystalline solids, correspond
to ‘‘double- or triple-pressed stearic acid.”

When crystallization of the saturated acids is con-
dueted at —20° C., the filtrate acids have approxi-
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mately the same fatty acid composition as an olive oil
rich in oleic acid. These acids, which are pale yellow
and have iodine numbers which range from 84 to 88,
contain approximately 83 to 86% oleic acid, 4 to 7%
polyunsaturated acids, and 7 to 11% saturated acids.
By reaction with glycerol these acids yield a syn-
thetic triglyceride which resembles olive oil in fatty
acid composition. The preparation of a synthetic
olive oil in this way offers certain obvious advantages
over erystallization processes that involve fractional
crystallization of natural triglyeerides in which two
or three different fatty acids are attached to the same
molecule of glycerol. In addition, custom-made oils
with a wide range of properties may be prepared by
the proper selection and/or blending of various fatty
acid fractions for reaction with glycerol.

By one crystallization at —50° to —60° C. of the
filtrate acids referred to above an oleic acid fraction
is obtained in good yield which contains about 10%
saturated acids (mostly palmitic) and about 1% poly-
unsaturated acids. The content of the latter can be
reduced to less than 0.3% by one additional erystal-
lization. By fractional distillation under vacuum
most of the palmitic aeid is eliminated, and a purified
oleic ‘acid, boiling point 203-207° C./3.5 mm. (oleic
acid content, above 95%) is obtained as a colorless,
odorless oil. This product probably contains some
isomers of normal oleic acid (3), but they are pres-
ent in quantities too small to affect its suitability for
most uses.

‘The iodine number of the linoleic-acid-rich frac-
tions usually ranged from 105 to 110. The value of
120 (Fraction F-2, Figure 2) is unusually high. In the
majority of cases over 90% of the polyunsaturated
acids in the starting materials are concentrated in
the linoleic fractions. These fractions may be useful
for blending with other fatty acid fractions to pro-
duce low-titer produets.

Figures 1 and 2 illustrate two procedures for the

fractionation of tallow fatty acids.

Experimental

Starting Materials. The best grade of edible beef
tallow which could be purchased was employed in the
experiments reported in this paper. Various inedible
grades, such as packers’ tallow, are suitable, provided
that the fatty acid composition and ratio of oleic ‘to
linoleic acid are satisfactory. The minimum ratio of
oleic to linoleic acid for a suitable starting material
is about 8:1. Some so-called tallows contain consid-
erable proportions of other fats and hence may have
a sufficiently high linoleic acid content to render them
unsatisfactory for this process. '

A simplified and rapid, large-scale , laboratory. sa-
ponification procedure was employed to. obtain the
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Tallow Fatty Acids, I. No. 473

2000 Grams = 47.9% Ol., 2.1% Polyunsat., 50.0% Sate
I N

zation from Acetone
at «20° ¢ (6 Tl./gmm)

So]id Acid‘, I. No. 1200
1038 Grams ® 13.3% OlL,, 86.7% Sat.

01016 ‘cid’ I, No. 85.8
962 Gl'm = 8507% Ol., “o“ Polyunm., 9095 Sat.

Crystallized t\!icey trom
Acetone at ~60° C (15 ml./gram)

[
Oleic Acid, I. No. 79.9
652 Grems % 88.9% Ol., 11.1f Sat.

|
Fractional Distillation

Oleic ch-d, I. No. 88.1
500 Grans - 98;0‘ 010’ 200% s‘t.

Combined Iinoleic Fractions, I. No. 104.8
285 Grams = 79.0% Ol., 1640% Polyunsat., 5.0% Sate

Note 1: If this material is crystallized only once
and fractionally distilled, 640 grams of
purified oleic acid containing about 1% of

polyunssturated acids is obtained.

Ol. = Oleic Acid
Polyunsat. = Polyunsaturated Acids
Sat. = Saturated Acids
P = Precipitate

F = Filtrate

F16. 1. Preparation of oleic acid free from polyunsaturates.

Tallow Fatty Acids, I. No. 48.5

Crystallization from Acetone
at 0° G (6 ml./gram)

{
Solid Acids, I. No. 6.5

Grams ® 7.2% Ol., 92.8% Sat. |

Oleic Acid, I. No. T4.8

1212 Grams @ 70,8% Ol., 5.6% Polyunsat., 23.6% Sate

Crystallization from Acetone
at ~60° C ﬁ5 ml./gram)

|
Oleic Acid, I. No. 68,8

: i
'Linoleic Fraction, I. No. 120.2

152 Grams = 42.5% Ol., 41,0% Pol t., 16.5% Sat. |
Crystallization from Acetone
at =20° ¢ (10 ml./gram)
|
Oleic Acid, I. No. 79.0
8 Grams = 85, Ol., 1% Pol te, 136 Sat.

1id Acids, I. No. 10.5 '
180 Grams = 11.,7% OL., 88.3% Sat.

Fractional |Disbiuation

Oleic Acid, 1. No. 89.0

638 Grams = 96.8% Ol., 1% Polyunsat., 2.2% Sat.

Fre. 2. Alternative method for preparation of purified oleic acid which also yields a saturated acid.fr.fa.ction of good quality,
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Sirom the fat. Ten kilograms of tallow and 10
{erator:95% ethyl aleohol were heated and stirred

Ietsteam bath in a 50-quart stainless steel kettle
Etheytemperature reached 60° C. The heating
nidiscontinued, and a 50% excess of cold 6 N
eousjsodium hydroxide was added in I-liter por-

}’* vith .vigorous stirring. Each successive portion
N ed only after the temperature had ceased
AT s. & result of the reaction of the previous
portion:- When all the alkali had been added, saponi-
Efiﬂl('g'a’i‘:lwllwas usually complete, as indicated by the

abserice of an oily phase when a small portion of the
Soap-solution was diluted with hot water. An excess
ofi6'N sulfuric acid was added slowly with stirring,
ﬁﬁﬁ“_(&?the mixture was kept at about 60° to 80° C. and
gix_:'il"i‘ed until the fatty acid layer was clear. The
?dueous layer was siphoned off and discarded, and
the oily layer was washed with hot water until free
of sulfuric acid. The fatty acids were dried by heat-
ing to 100° C. under moderate vacuum in a stream
of inert gas. Yields of fatty acids were quantitative.
This saponification procedure has been successfully
applied to a variety of fats and oils. The percentage
of polyunsaturated acids in the mixed fatty acids was
determined spectrophotometrically (4). The fatty
acid composition was calculated from the iodine num-
ber and the known content of polyunsaturated acids.

Fractionation Procedure. The apparatus and pro-
cedure described in a previous publication (2) were
employed, except that an 1l-plate Vigreux column
was substituted.

Preparation of a Synthetic Olive Oil. An oleic-acid-
rich fraction (iodine number, 87.7; 83% oleic acid,
6% polyunsaturated acids, 11% saturated acids) pre-
pared by erystallization of tallow fatty acids at —20°
C. (see comparable Fraction F-1, Figure 1), after

straight-run distillation to remove color, was reacted
with slightly less than the calculated quantity of
anhydrous glyeerol at 190° C. in an inert-atmosphere
and under vacuum until the acid -number 6f the mix-
ture became constant. The unreacted oleic acid. was
separated by vacuum distillation. The synthetic tri-
glyceride, obtained in almost quantitative yield, was
a pale-yellow oil with the following characteristics:
iodine number, 84.2; acid number, 3; melting point,
<0° C.
Summary

Tallow fatty acids have been fractionally erystal-
lized from acetone at temperatures ranging from 0°
to —60° C.

By erystallizing at 0° to —20° C., a saturated acid
fraction which amounts to 40 to 50% by weight of
the starting material has been obtained. This frac-
tion corresponds to ‘‘double- or triple-pressed stearic
acid.”’

The filtrate acids from the erystallization at —20°
C. contain over 90% of the oleic acid present in the
starting material, and in fatty acid composition this
mixture is similar to olive oil. From this fraction,
which amounts to about 50% by weight of the start-
ing material, a synthetic triglyceride with properties
approximating those of olive oil has been prepared.

By low-temperature ecrystallization of this oleie-
acid-rich fraction at —50° to —60° C., followed by
fractional distillation, a good yield of purified oleic
acid (oleic acid content, over 95% ) has been obtained.
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